Purpose. To evaluate the time required for effective action of phenol against the giant cell tumour (GCT) cells. Methods. Fresh GCT cells were harvested from 9 patients with primary GCT of the distal femur (n=4), proximal tibia (n=4), and proximal humerus (n=1), with the Campanacci tumour grades 3 (n=6), 2 (n=2), and 1 (n=1). Specimens were immersed in 80 % phenol for one, 3, 6, and 10 minutes, and were assessed by a single pathologist for irreversible cell death and the depth of phenol penetration. Results. Phenol caused consistent GCT cell death in 6 of the 9 specimens after 3 minutes and in all 9 specimens after 6 minutes, compared to none in controls (p<0.0001). The mean depths of phenol penetration were 15 (range, 11-20) and 19 (range, 15-25) cell thickness after 6 and 10 minutes, respectively (p<0.0001). Conclusion. GCT cells immersed in 80% phenol for 6 minutes resulted in consistent cell death.
introduction Giant cell tumour (GCT) of bone is a benign aggressive tumour predominantly occurring in the epiphyseometaphyseal region of long bones. Treatment success depends on preventing local recurrence and salvaging the involved joint and its movement. Management involves curettage and high-speed burring of tumour cavity, followed by adjuvant treatment and reconstruction, 1 although the efficacy of local adjuvants is inconclusive. 2, 3 Such adjuvants include hydrogen peroxide, phenol, liquid nitrogen, distilled water, electro-cautery, argon laser beam, and anhydrous alcohol. 4 Phenol in concentrations of up to 90% is commonly used for GCT of bone. 2, [5] [6] [7] [8] [9] Phenol has been studied in animal models and in tissues harvested from patients with bone tumours. 10, 11 We evaluated the time required for effective action of phenol against the GCT cells.
Materials and Methods
This study was approved by our institutional review board, and informed consent was obtained from each patient. A pilot study with 3 samples was performed to standardise the procedure, and a sample size of 11 was estimated to enable detection of >60% difference between control and phenol groups with a power of 80% with 5% level of significance.
Fresh GCT cells were harvested from a consecutive series of 11 patients. Two specimens were not included in the final analysis. One showed complete autolysis during exposure to control conditions, and the other showed loss of tumour architecture. The remaining 9 specimens were taken from the distal femur (n=4), proximal tibia (n=4), and proximal humerus (n=1), with the Campanacci tumour grades 3 (n=6), 2 (n=2), and 1 (n=1).
For each specimen, two 5-g tissue samples were taken and placed in 2 containers; one was control and the other was immersed in 80 % phenol for one, 3, 6 and 10 minutes, and then retrieved and placed in formaldehyde using separate forceps. Specimens were slid and stained using haematoxylin and eosin, and assessed by a pathologist blinded to the time intervals. Irreversible cell death was defined as enlargement of the cell (swelling), pallor and vacoulation of cytoplasm, and loss of nuclear details. 12 The depth of phenol penetration was also evaluated. The necrotic effect was classified as patchy or consistent.
Comparisons were made using the Fisher's exact test; a p value of <0.05 was considered statistically significant.
results
Phenol resulted in consistent cell death in 6 of the 9 specimens after 3 minutes and in all 9 specimens after 6 minutes, compared to none in controls (p<0.0001, Fig. 1 ). The mean depths of phenol penetration were 15 (range, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] and 19 (range, 15-25) cell thickness after 6 and 10 minutes, respectively (p<0.0001, Fig. 2 ). 
discussion
Phenol causes coagulative necrosis, which can be assessed by light microscopy. 11 In a study of cytotoxicity of phenol on sarcoma cell lines, the cultures treated with phenol had a survival fraction of 7%, but the concentration used was only 5%. 13 Cytotoxicity of phenol has also been confirmed in cell cultures. 14 In clinical studies, the recurrence rate is low (<10%) when phenol is used as adjuvant. 8, 9 A mono layer of sarcoma cells is more susceptible to phenol; thus, further studies with varying exposure times should use tumour spheroids rather than mono layers. 13 Dogs treated with phenol show negligible histopathological effect in their tissues, but the concentration and duration of exposure were not mentioned. 10 However, phenol can cause necrosis in human tissues after 2 minutes, except for the chondroid tissue. 11 In our study, consistent and complete necrosis of the GCT cells was noted after applying phenol for 6 minutes.
One limitation of this study was that the side effect of phenol exposure for 6 minutes in bone is not known. Many clinical studies have shown no systemic or local side effects or delayed healing after phenol treatment. 7, 8, 15 After 10 minutes, the effect of phenol on normal bone marrow cells of pigs does not extend beyond 747 microns. 16 For low-grade intramedullary chondrosarcoma of long bones, 85% phenol was applied for 5 minutes and ethanol was used to wash the cavity, following which there was no significant side effect on normal bone cells and incorporation of grafts. 17 In addition, the cavity can be burred again after application of phenol to remove any necrotic bone marrow cells. The effect of phenol on normal bone marrow cells warrants further studies.
Another limitation was that histological signs of necrosis occur after a delay of a few minutes after the cell death. The GCT cells might have already been dead earlier but not developed the histological signs of necrosis visible under light microscopy. The 6-minute time might have been an overestimate. A better method could have entailed exposing the cells to phenol for various intervals, then washing them and waiting a few minutes for the cells to develop the histological signs of necrosis before fixing them in formaldehyde. In addition, findings of this experiment cannot be reproduce in in vivo conditions, owing to different methods of applying phenol, the tumour load, and the effect of blood circulation. Nonetheless, phenol should not be used as a substitute for good mechanical clearance. During surgery, it is not acceptable to pour a large quantity of phenol into the cavity, and phenol is applied using swabs after mechanical burring of the cavity, after which there is usually no macroscopic tumour and swabs ensure uniform application.
conclusion Immersion of GCT cells in 80% phenol for at least 6 minutes was effective in causing cell death.
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